To understand the molecular stress response in maize plants to high salt and boron (B) stress, we focused on the transcript accumulation of six stress-related genes in Lluteño maize, a sweet corn landrace from the Lluta valley (northern Chile). This landrace is tolerant to salt and B stress. A randomized complete block design with four replications was used. Seedlings of Lluteño maize and maize hybrid B73 were exposed to 150 mM NaCl and 20 ppm B in nutrient solution for 120 hrs, then root and leaf samples were collected and Na + and B content were determined. Transcript accumulation of three salt stress-related genes SOS1, NHX2 and HKT1 and three B stress-related genes BOR1, BOR2 and PIP1;2 were determined in roots and leaves of Lluteño maize using RT-PCR and real-time PCR at 3 and 96 h after treatment with 150 mM NaCl and/or 20 ppm B. The results indicated that combined salt and B stress caused changes in physiological parameters. The damage was more severe in B73 than in Lluteño maize, confirming that this landrace behaves as a plant tolerant to these stresses. Regulation of stress-related genes under combined stress was different under individual stresses. The ability of Lluteño maize to survive and thrive in soil with high salinity and B concentration is probably based on a decrease in membrane water permeability, preventing salt and B uptake from the roots through down-regulation of BOR1, BOR2 transporters and PIP1;2 aquaporin. The increased water transport is mediated by the upregulation of the PIP1;2 in leaves, allowing cellular water conservation, and the retrieval of Na + from xylem through up-regulation of HKT1;1 transporters in roots and leaves.
Introduction
Crops under field conditions are routinely subjected to a combination of different abiotic stresses. Soil salinity and boron (B) toxicity are both significant constraints to crop production in several arid and semiarid regions around the world, including South Australia, Iraq, Turkey, California and northern Chile (Tanaka and Fujiwara, 2008) . Simultaneous stress induced by B toxicity and salinity can occur either when plants are irrigated with water containing a high level of B and salts (Camacho-Cristobal et al., 2008; Nable et al., 1997) or if plants are grown in soils with natural presence of high concentrations of salts and B. The Lluta valley, located in a hyper-arid region of northern Chile, naturally has agricultural soil and irrigation water with high concentrations of salts and boron, which fluctuate between 2.2-5.9 dSm -1 and 10-29 ppm in soil and irrigation water, respectively (Torres and Acevedo, 2008) , strongly limiting crop production in this valley (Tapia and Vega, 2009) . One of the crops adapted to these drastic conditions is a sweet corn landrace called Lluteño maize (Zea mays L. cultivar amylacea), which has evolved to thrive in hyper-arid habitats such as the Lluta valley. This landrace possesses remarkable tolerance to salinity and high B content as a consequence of continuous selection by farmers in this valley for generations (Bastías et al., 2004) .
Under hydroponic conditions Lluteño maize is able to tolerate simultaneously 430 mM NaCl and 40 ppm B without exhibiting symptoms of toxicity for over 20 days of treatment. It accumulates high levels of Na + in roots without the occurrence of severe alterations in the radical tissue, besides avoiding its transport and accumulation in aerial parts that prevents damage to the photosynthetic apparatus, while B is translocated to leaves (Bastías et al. 2004) . B availability in Lluteño maize mitigates in part the negative effect of salinity. This landrace is more salt-tolerant compared to many commercial genotypes such as Pioneer hybrid 3578, G2 and SRO73 (Bastias et al. 2004 ). These abilities confer Lluteño maize a good target to study the mechanisms of tolerance to combined stress by salinity and B.
Plants have evolved sophisticated defense mechanisms to respond to stress that increase tolerance to adverse conditions by controlling the different physiological and biochemical process (Rampino et al., 2006) . Manipulation of gene expression has been a challenging approach and an important tool to improve crop response to stresses (Yousfi et al., 2016) . Numerous studies have focused on the response mechanisms of plants to a single stress treatment. However, field crops and other plants are routinely subjected to a combination of different stresses (Mittler, 2006) . In recent decades, several agronomic and physiological studies have focused on the responses of plants to different combinations of environmental stresses (Suzuki et al., 2014 and references therein) . These studies have revealed that the response of plants to combination of different abiotic stresses cannot be directly extrapolated from the response of plants to each stress applied individually (Suzuki et al., 2014; Colmenero-Flores, 2014) .
In arid or semi-arid regions where the effect of salinity in agricultural lands is aggravated by B toxicity, it is necessary to study the response of plants to various stresses imposed simultaneously. Plants respond to salinity or B toxicity through several physiological, metabolic and molecular mechanisms. These mechanisms are interconnected and finely regulated, allowing plants to respond specifically, to adapt and thrive to these environments.
The salinity stress signal is perceived by receptors present in the plasma membrane of cells. This signal activates various ion pumps present in plasma and vacuolar membranes. The Na + ions enter the cell via different channels including KIRC, KORC or by carriers such as HKT, which can be translocated out of the cell or into the vacuole by the action of a plasma membrane Na + /H + antiporter (SOS1) or a vacuolar Na + /H + exchanger (NHX) and H + /Ca + antiporter (CAX1). The Na + extrusion from plant cells is powered by the electrochemical gradient generated by H + -ATPases, which permits the Na + /H + antiporter to couple the passive movement of H + inside along the electrochemical gradient and to extrude Na + out of the cytosol (Tuteja, 2007; Munns and Tester, 2008; Hanin et al., 2016) .
Under conditions of adequate or excessive B availability, boric acid adsorption by roots is mediated by a passive process that involves mostly B diffusion across the lipid bilayer. Boron uptake may be mediated by NIP and PIP proteins, members of the major intrinsic protein (MIP) channel family that function as a channel for water and small uncharged molecules and are expressed in epidermis, cortex and endodermis. They import boric acid into epidermal, cortical and endodermal cells (Polsia et al., 2016) . In the stele, the boric acid/borate transporters (BORs) export boric acid/borate from stellar cells into the xylem (xylem loading) (Takano et al., 2005; Takano et al., 2006; Maurel et al., 2008; Miwa et al., 2013) . Boron can be transported through the symplastic pathway, flow from cell to cell by plasmodesmata and the apoplastic pathway, which is an extracellular pathway provided by the continuous matrix of cell walls (Camacho-Cristobal et al., 2008; Tanaka and Fujiwara, 2008; Polsia et al., 2016) .
There are few studies available on the combined effect of NaCl stress and B toxicity in plants and even very few researches have focused on their effects on a tolerant maize landrace. To understand the stress response at molecular level involved in combined stress induced by high concentration of NaCl and B in Lluteño maize, we focused on the activity of three salt stress genes related to Na + efflux from root to soil (SOS1), the sequestration of Na + in vacuoles (NHX2) and the retrieval of Na + from xylem (HKT1); and three B stress genes related to its transport mediated by transporters (BOR1 and BOR2) and by channels (PIP1;2).
Results
Differential responses of Lluteño and B73 maize to salinity and boron stress.
After 8 days of combined stress induced by 150 mM NaCl and 20 ppm B, Lluteño maize did not show morphological responses to these stresses compared to control plants ( Figure-1A ). In contrast, hybrid B73 developed the typical leaf symptoms, yellow with necrotic lesions at the tip during the first days, and after 8 days all leaves were drastically affected ( Figure 1A ). To quantify the Na + and B distribution in both maize genotypes under stress, the amounts of these ions were measured in roots and leaves 120 h after combined stress induction. The Na + and B content in leaves and roots were increased significantly. The Na + was preferentially accumulated in roots; however, this accumulation was significantly different in Lluteño maize, in which leaf Na + content was almost half of roots, while in the hybrid, Na + was similar in both tissues ( Figure 1B) . B content was not different between roots and leaves in both maize varieties; however, Lluteño maize accumulated around of half of the total B content found in the hybrid maize ( Figure 1C ).
Stress gene activity in Lluteño maize
To examine the activity of the SOS1, NHX2, HKT1;1, BOR1, BOR2 and PIP1;2 genes in roots and leaves, samples of Lluteño maize under stress were induced by high concentration of NaCl and/or B at 3 and 96h. The expression pattern of these genes was analyzed by semi-quantitative RT-PCR and real time PCR (RT-qPCR).
The Lluteño plants under NaCl and/or B stress were evaluated by semi-quantitative RT-PCR analysis. The control reactions were carried out using activity of the ACT1 gene. To complement this and provide a more quantitative assessment of expression of these genes during combined stress they were evaluated by RT-qPCR analysis. Standard curves (2-fold dilution) were generated for each transcript. All analyzed genes had PCR efficiencies in the 90-105% range. Melting curves were generated and no double melting peaks were observed for any of the genes (data not shown), indicating pure PCR products. The transcriptional activity of each gene was normalized with the reference gene CUL and compared to the unstressed control sample.
Salt and B stress genes were differentially expressed in response to NaCl and/or B treatments.
In Lluteño maize roots exposed to 150 mM NaCl, the activity of SOS1 was increased at least 3 h after stress ( Figure  2 ). In the presence of 20 ppm B, the SOS1 activity was not altered (Figure 2) , and under combined stress its activity decreased significantly over time (Figures 2 and 3) . In leaf tissue, SOS1 started to increase its activity within 3 h and evidently at 96 h ( Figure 2) . Under B or combined stress its activity was not significantly altered (Figures 2 and 3) .
The NHX2 activity in roots increased slightly within 3 h of salinity stress and was not altered under B stress (Figure 2 ). Under combined stress its activity was not significantly changed (Figures 2 and 3 ). The NHX2 expression was not altered in any treatment in leaf tissue (Figures 2 and 3 ). The HKT1;1 expression was not obviously altered in Lluteño maize roots under either NaCl or B stress (Figure 2 ). In contrast, under combined stress its activity increased significantly over time (Figures 2 and 3 ). The HKT1;1 activity in leaves was increased within 3 h and constantly maintained up to 96 h under salt stress. However, its activity did not change over time under B stress ( Figure 2 ). Under combined stress, the HKT1;1 activity was increased significantly within 3 h (Figure 2 and 3 ).
In the B stress-related genes evaluated in Lluteño maize, the activity of BOR1 and BOR2 was not altered by NaCl or B in roots and leaves. However, its activity was decreased significantly over time in both tissues under the combined stresses (Figures 2 and 3) .
The PIP1;2 activity in roots was not altered under saline and B stress. A double PCR product was detected at 96 h under salt stress. These products were detected in the three biological replicates analyzed. An alternative splicing is probably induced for PIP1;2 by salt stress ( Figure 2 ). PIP1;2 expression in roots was significantly decreased at 96 h under combined stress (Figures 2 and 3 ). Its activity in leaves was increased in all treatments (Figures 2 and 3) .
Discussion
Landraces represent an important part of the plant diversity adapted under limiting environmental conditions (Moles et al., 2016) . Evaluation of germination comparing several northern Chilean and domestic U.S.A. germplasms under high B concentration showed that the Chilean germplasms are better adapted to this stress (Bañuelos et al., 1999) . Recently, Ruiz et al. (2016) showed that northern highland quinoa (Chenopodium quinoa Willd.) landraces were better adapted to salinity than those from the central zone. Since Chilean northern soils have high content of salt and B, their germplasms may be better adapted to these two stresses.
Studying abiotic stress individually is valuable, but it can be misleading because plant responses to combinations of abiotic stress are different from those of each individual stress (Suzuki et al., 2014; Colmenero-Flores and Rosales, 2014) . In this study, we compared the expression pattern of some stress-related genes in Lluteño maize, a landrace adapted to soil and water with high salinity and B concentration, in response to salt, B and combined stresses. The content of Na + and B in leaves and roots increased dramatically with combined NaCl and B application, albeit with significant differences between hybrid and Lluteño maize genotypes. Leaves of B73 showed toxic symptoms, while Lluteño maize did not show any issue ( Figure 1A ). In Lluteño maize under these stresses the Na + content of roots was almost twice than leaves. However, in B73 the concentration of Na + was almost the same in these two tissues. In addition, the total amount of Na + (leaves and roots) was greater in B73 than in Lluteño maize. Boron was accumulated at similar concentrations in leaves and roots of both germplasms. However, the total amount of B (leaves and roots) in Lluteño maize was almost half of B73 ( Figure  1B) . These results suggest that under combined stresses, Lluteño maize is able to restrict Na + movement to the aerial tissues and to decrease the uptake of B entering the roots. Lower Na + accumulation in leaves in relation to roots was also found in some tolerant plants in response to salinity (Hajibagheri et al., 1987; Fortmeier and Schubert, 1995; Sun et al., 2010; Rahman et al., 2016) and in the combination of salinity with a second stress (Rivero et al., 2104; Mohamed et al., 2016) . The lower total Na + accumulation in Lluteño in comparison to B73 is in accordance with salt tolerant glycophytes accumulating less salt than sensitive ones (Tester and Davenport, 2003) . It has been proposed that under combined salt and B stress, a decrease of B concentration in the presence of salinity might be due to salinity-induced stomatal resistance, and since entry of B is in part due to passive processes and influence of transpiration rate (Eraslan et al., 2007; Mohamed et al., 2016) . In Lluteño maize, this mechanism could be involved in the reduction of the B uptake in roots and its subsequent translocation to the leaves.
We evaluated the expression of 6 genes known to be involved in different mechanisms of either salt or B tolerance at 3 and 96 h after stress, using RT-PCR and RTqPCR analyses. We selected these two time points because maize plants under salt shock showed better transcriptional response at 3 h (Wang et al., 2003) and around 72 h after salt stress maize seedlings were able to recover from the osmotic effect (Rodríguez et al., 1997) .
The Salt Overly Sensitive 1 (SOS1) gene encodes a plasma membrane Na + /H + antiporter, which mediates Na + efflux at the root surface and regulates long-distance Na + transport from root to shoot (Zhu, 2003) . The SOS1 was up-regulated in Lluteño roots and leaves in the presence of NaCl. Similar results have been reported in salt tolerant genotypes of wheat (Sathee et al., 2015) , Medicago and alfalfa (Sandhu et al., 2017) . However, they did not report significant differences under B or combined stress compared to control plants. These results suggest that under saline stress, Na + exclusion is important in providing tolerance. However, under combined stress the exclusion could be mediated by other genes, or perhaps the basal expression level of SOS1 in Lluteño maize is enough to cope with the simultaneous stress induced by 100 mM NaCl and 20 ppm B. Na + sequestration into the vacuole partially depends on the expression and activity of Na + /H + antiporters (NHX) (Apse et al., 1999) . In Arabidopsis, NHX1 and NHX2 isoforms are present in the vacuolar membrane and partition Na + into the vacuole, protecting the cytosol from its toxic effects (Barragan et al., 2012) . In this study, the activity of NHX1 and its expression was slightly increased in roots under salt or B. However, under combined stress it was not altered. In leaves its activity did not change under any conditions. Similar results were observed in Suaeda glauca, a succulent halophyte, exposed to 300 mM NaCl (Jin et al., 2016) ; some salt tolerant alfalfa genotypes did not show differences in the NHX1 or NHX2 expression in leaves or roots under salt stress conditions (Sandhu et al., 2017) . Our observations suggest that in salt stressed Lluteño maize, the partition of Na + in root vacuoles is mediated partially by NHX1. However, under a combined stress induced by 100 mM NaCl and 20 ppm B, the basal expression level of NHX1 is enough to cope with these stresses.
The HKT1 is involved in retrieving Na + from the xylem to the root, maintaining low Na + content in the leaves (Rubio et al., 1995) . The activity of the HKT1;1 gene was increased in roots and leaves under salt, while under combined stress it was up-regulated over 8-and 2-fold in roots and leaves, respectively. The HKT1 is highly expressed in tolerant genotypes of alfalfa under salt stress (Sandhu et al., 2017) . It has been reported that the maize HKT1;1 gene undergoes alternative splicing in the third exon, producing two isoforms (HKT1;1a and HKT1;1b), which respond differently to salt stress (Ren et al., 2015) . In our analysis, the HKT1;1 primers spanned the first and second exon, so we were not able to discriminate between them. In Arabidopsis, AtHKT1;1 is expressed in the vasculature in roots and shoots (Mäser et al., 2002) . Our results suggest that under combined stress, the low Na + content observed in Lluteño maize leaves could be mediated by HKT1, probably through retrieving Na + from xylem to roots. Alfalfa genotypes with high HKT1 expression also have higher biomass yield under salinity (Sandhu et al., 2017) . Lluteño maize was able to produce 20-25 t/ha -1 biomass (Fuentes and Subiabre, 2009 ), similar to some hybrid maize genotypes with high yield of grain and dry matter in non-saline soils . The relation between the high HKT1 and high biomass in Lluteño maize should be further studied.
The BOR1 and BOR2 encode efflux B transporters localized in plasma membrane cells facing the stele (Miwa et al., 2013) . In Lluteño maize, the BOR1 and B0R2 genes did not change their activity in any tissue under salt or B stress, while under combined stress they were significantly reduced in both tissues. This decrease may prevent the uptake of B into the roots. There are different strategies to overcome B toxicity. In Arabidopsis under high concentration of B, AtBOR1 mRNA accumulation in roots or shoots was not affected, but the BOR1 transporter was degraded by ubiquitination, which prevented B accumulation to a toxic level in plant tissues (Takano et al., 2005; Yoshinari et al., 2012) . In barley, the B-tolerant landrace Sahara 3771 contains about four times copies of Bot1, a BOR1 ortholog, which produced more Bot1 transcripts than an intolerant landrace (Sutton et al., 2007) . In Lluteño maize, the downregulation of BOR1 and BOR2 would reduce the B uptake into the roots and its subsequent mobilization to aerial parts, producing the lower of total B content observed in this landrace compared to the commercial hybrid (Figure 1-C) .
Plasma membrane intrinsic proteins (PIPs) are a subfamily of the aquaporins, which are channel proteins that mediate the transport of water and various low molecular weight solutes and response to several environmental stresses (Dordas et al., 2001; Zhu et al., 2005; Maurel et al., 2008; Kumar et al., 2014) . Putative protein sequence analysis of the barley aquaporins showed that isoforms HvPIP1;1, HvPIP1;2 and HvPIP2;1 are salt-responsive and possible boron transporters (Hove et al., 2015) . The activity of plant aquaporins in response to biotic or abiotic stress is differentially regulated by tissue and/or cultivar variation (Jang et al., 2004 , Ouziad et al., 2006 Porcel et al., 2006 , Kumar et al., 2014 Hove et al., 2015 , Pawlowicz et al., 2017 . In our study, the activity of PIP1;2 did not change under B stress in roots, but decreased significantly under salt or combined stress. However, it was accumulated in leaves under salinity, B or combined stresses. Our data agrees with some other studies. Salt stress decreased the expression of PIP1;2 in tomato roots inoculated with mycorrhiza and increased its expression in leaves (Ouziad et al., 2006) . In bean plants, the abundance of roots PIP1 proteins was decreased under drought stress, but increased in leaves . In contrast, salt stress treatment did not influence the PIP1;2 expression in the aerial part of Arabidopsis, while its activity was significantly increased in roots (Jang et al., 2004) . It is possible that the downregulation of plasma membrane PIP1:2 in roots is a regulatory mechanism that reduces the uptake of water from the soil with high salt and B content, thus restricting their subsequent movement and accumulation in aerial parts. Moreover, the PIP1:2 up-regulation in leaves increases cellular water conservation, maintaining a reasonable plant water status under drastic conditions. Further analysis is necessary to determine if these differences in tissue-specific expression are related to different controls of water flow are necessary further analysis.
The behavior of most evaluated genes in Lluteño maize in response to salinity or high B concentration (applied individually) were in accordance with previous reports. However, the response to combined stress was not very similar to the individual stress responses. So, this landrace may have particular pathways to adapt simultaneously to salinity and high B conditions. This is the first report on the activity of a group of stress-related genes in response to combined salt and B stress in a tolerant maize landrace.
Materials and Methods

Plant growth and stress treatment
Lluteño maize (Zea mays L. cultivar amylacea) and commercial sweet corn hybrid B73 seeds were germinated in perlite under greenhouse conditions for 14 days. Seedlings were transferred to hydroponic culture with Hoagland's solution, which was renewed every 3 days. After 10 days of acclimatization, seedlings were exposed to four treatments: i) 150 mM NaCl, ii) 20 ppm B, iii) 150 mM NaCl and 20 ppm B and iv) control plants, which were grown under identical conditions but without added NaCl or B during all experiments. Each treatment included four replications, each consisting of 10 maize seedlings. A Randomized Complete Block Design (RCBD) was used, consisting of four treatments. Each treatment comprised of four biological replicates, while each replicate consisted of 10 maize plants. The stressed and control roots and leaves samples for gene expression analysis were collected in three pools of three plants each, at 3 and 96 hours after stress. Since Lluteño maize is a local landrace, there is genetic variability within the population. Therefore, we decided to collect the samples in a pool of three plants per treatment per time. The harvested tissues were frozen in liquid nitrogen and immediately stored at -80ºC until RNA isolation. For ion analysis roots and leaves samples were collected in three pools of three plants each at 120 hours.
Ion analysis
To determine the Na + and B content, leaves and roots samples were dried at 60 ºC and finely ground. Then they were dry-ashed in a muffle furnace at 550 ºC for 4 hours and treated with HCl (2N). The Na + content was quantified by flame photometry (model PFP7, Jenway, Staffordshire, United Kingdom) and B by molecular absorption spectrometry (model UV-2100, Unico, New Jersey, USA). Ion content was measured in pools of leaves and roots of three plants, with three biological replicates and three technical replicates.
RNA isolation and cDNA synthesis
Total RNA from leaf and root tissues was isolated using the Trizol ® reagent (Invitrogen) according to procedures specified by the manufacturer. The extracted RNA was resuspended in 20 µl of RNase-free water and stored at -80°C. Integrity was verified by electrophoresis in 1% agarose gels. RNA was purified with the RNeasy ® MinElute™ Cleanup Kit (QIAGEN) according to procedures specified by the manufacturer. RNA concentration was calculated using a Biophotometer (Eppendorf). Then 1 µg of RNA was treated with DNase I in a final volume of 10 µl and incubated at 37°C for 1 hour. The reaction was stopped by adding 1 µl EDTA (25 mM) at 65°C for 5 minutes. The synthesis of the first strand of cDNA was performed as follows: 1 µg RNA treated with DNase I (Invitrogen), 3 µl oligo dT (10 pmol/µl), and 3 µl dNTPs (2.5 mM) were combined in a final volume of 17 µl, which was incubated at 65°C for 5 minutes. Then 8 µl of 5x First Strand Buffer, 2 µl 0.1 M DTT, 1 µl RNasaOut (Invitrogen) and 1 ml SuperScript™ III RT (Invitrogen) were added in a final volume of 40 µl. Reverse transcription was performed in a thermocycler model NYX TECHNIK Amplitronyx™ 6, using the following program: 15°C for 10 minutes, 25°C for 16 min, 42°C for 60 min, 70°C for 10 min and 4°C final hold. The tubes were stored at -20°C until further use.
Semi-quantitative and real-time PCR (qPCR) analysis
For semi-quantitative RT-PCR, 2 µl of the first-strand cDNA reaction served as template in a PCR reaction that used specific primers (Table 1) in a final volume of 20 µl. Optimal cycle number in the linear range for each target gene was determined empirically by performing PCR reactions for different numbers of cycles (Marone et al., 2001 ). The amplifications were performed under the following conditions: an initial denaturation at 95°C for 5 min, then 94°C for 30 sec, 56°C for 30 sec and 72°C for 30 sec. The constitutive expressed gene Actin1 (ACT1) was used as an internal control. The PCR products were separated on 1.5% agarose gels. For qPCR analysis, the genes of interest were amplified using the Maxima SYBR Green/ ROX qPCR Master Mix (2x) (Thermo Scientific) and real-time PCR was performed in an Eco Real-Time System (Illumina). All gene specific primers used for the qPCR analysis were designed using the Integrated DNA Technologies online PrimeTime qPCR assay design tool (http://www.idtdna.com/Scitools/Applications/RealTimePCR /) (Table 1) . Maize Cullin (CUL) gene was used as housekeeping gene for normalization (Manoli et al., 2012) . The reaction conditions used were: 95°C for 10 min, 40 cycles of 95°C for 15 sec, 60°C for 15 sec, 72°C for 15 sec, and an analysis of dissociation or melting of 55 to 95°C with a temperature increase of 0.3°C sec -1 . The efficiency of the PCR reaction in real time was calculated for each of the transcripts used by using 6 serial dilutions of cDNA, with an initial concentration of 32 ng and a dilution factor of 1:2. The efficiency (E) was determined with the following formula: E = 10 
Quantification and data analysis
Considering the efficiency of about 100% in all reactions, the quantification method that was used to measure the relative changes in genes expression was 2 -ΔΔCt , based on Livak and Schmittgen, (2001) . Three biological replicates were performed, and three technical replicates for each biological replicate. A t-test analysis was performed (P≤0.05) to analyze the differentially expressed genes in the leaves and roots tissues and control samples.
Conclusion
The results in this study indicate that a combined salt and B stress causes physiological parameter changes and more severe damage in commercial hybrid than in Lluteño maize, indicating that this landrace behaves as a plant tolerant to these stresses. Also, the regulation of stress-related genes under combined stress was different than for individual stresses. The ability of Lluteño maize to survive and thrive in soil with high salinity and B concentration is probably based on decreased membrane water permeability. This prevents salt and B uptake from the roots by down-regulation of BOR1, BOR2 transporters and PIP1;2 aquaporin. It also restricts B movement and accumulation in aerial parts through down-regulation of BOR1 and BOR2 transporters, increasing water transport mediated by up-regulation of the PIP1;2 in leaves. It allows cellular water conservation and the retrieval of Na + from xylem through up-regulation of HKT1;1 transporters in roots and leaves. These results give us only partial knowledge about of the role of some tolerance genes in acquiring salinity and B stress tolerance in Lluteño maize, thus the characterization of all tolerance genes is necessary.
